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Abstract 
The study describes numerical simulations that were conducted on a substructure of the steel building, namely a 
beam-to-column endplate connection. These simulations were made in order to know more about the behaviour of 
this connection before putting up and start experimental tests. The fire action is simulated by applying time-
temperature curves on the studied structure. The model is advanced, taking into account for all types of nonlinearities, 
the computation being iterative. Two main fire cases were studied while the applied force was increasing on the 
structure.
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1. Description of the studied beam-column ensemble 
The execution details of the studied ensemble are shown in figure 1 and 2. The column is made up by an H type 
compound profile having the flanges of 15mm thickness and the web of 10mm thickness and the beam is of I type 
compound profile with the thickness of the flanges of 15mm and the web of 8mm thickness. The bolts are of type 10.9 
with controlled tense according to the European design code EN 1993 [1]. 
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Fig. 1. Steel beam to column ensemble according to Petrina and Muntean [2]. 
The connection is a steel beam-to-column bolted connection. The column is 3.0m high and the cantilever beam has 
a length of 2.0m. The type of the material used is structural steel S235JR as presented in Petrina [3]. There are 12 
M20 bolts for each connection, having the length of 70mm (see Figure 2). The column is stiffened by 15mm and 
20mm steel plates.  
Fig. 2. Execution detail of the studied connection according to Petrina [3]. 
This research is a part of an extended research that also implied experimental testing on the above structure. The 
computations are realized on the structure that was actually tested in the facility. The connection was modelled like in 
Figure 3:  
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Fig. 3. Computed connection according to Petrina [3]. 
The steel S235JR properties at 20 Celsius degrees are: E = 210 000 N/mm2; G = 81 000 N/mm2; Poisson’s 
coefficient Q = 0.3; D = 12 x 10-6; fy = 235MPa; bolt strength Fb = 176,4 kN. 
2. Goal of this research 
The time until the studied ensemble resists under combined normal and thermal load was computed. Two situations 
of computation were carried out: 1) The ensemble was subjected to increasing loading on the free end of the cantilever 
under a fire action applied only in the connection area and 2) The ensemble was subjected to increase loading on the 
free end of the cantilever under a fire action applied on the entire ensemble. The structure was considered fixed in a 
testing stand inside a testing facility because this research was continued with experimental testing on real scale 
structures. Simulations were carried out by using VULCAN advanced model developed by University of Sheffield 
and also used in different studies by other authors like Foster et al. [4] or Souza Junior and Creus [5]. 
Fig. 4. Structure under an applied load of 130kN. 
During a fire analysis, this model takes into consideration the effects of dilatation, material deteriorating; the 
analysis uses geometry and material nonlinearity. The sign of structure’s collapse is given by the deflection rate.
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3. First analysis 
During this, only the node was subjected to time-temperature curve while the load on the cantilever increased (this 
situation corresponds to fire action in the furnace in the testing facility), and in the following, only one example is 
given: when the applied force is 130kN – the value for which the ensemble was designed under normal loading (figure 
4). In the above case the resulted fire resistance was 21.9 minutes. The connection collapsed when the steel temperature 
reached 541 Celsius degrees. In figure 5 (a) the displacement of the free end of the cantilever may be observed (the 
red line). The time-temperature curves that were used in the analysis are shown in figure 5 (b). More cases were 
analysed, the results are in Table 1 and Figure 6.  
   
Fig. 5. (a) Time-Displacement curves; (b) Time-Temperature curves. 
Table 1: Results of first analysis. 
No. Value of applied 
force: [kN] 
Fire resistance 
[min] 
Temperature  
[°C] 
Value of cantilever’s end 
displacement [mm] 
1 50 31.4 691 190 
2 60 31 670 175 
3 70 29.5 649 172 
4 80 28.5 629 170 
5 90 27.6 608 165 
6 100 26.7 590 163 
7 110 26 574 160 
8 120 25.2 557 160 
9 130 24.4 541 160 
10 140 22.9 509 160 
11 150 22.9 509 160 
12 160 22 489 160 
10 170 21 407 160 
11 180 19.8 443 160 
12 190 18.8 421 160 
13 195 18.2 444 160 
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Fig. 6. Force-Fire-Resistance-Critical Temperature. 
4. Second analysis 
During this, the entire substructure was subjected to fire action (corresponding to the real situation) while the load 
on the cantilever increased. This situation corresponds to an ignition of the entire compartment. In the following, only 
one example is given: when the applied force is 195kN (figure 7). 
Fig. 7. Fire analysis for an applied force = 195kN. 
In this case, the fire resistance equals 18.2 minutes while the steel temperature reaches 409 Celsius degrees. The 
displacement of the free end of the cantilever may be observed in figure 8 (the blue line). The collapse of the ensemble 
is around a 200mm displacement of the free end of the cantilever. 
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Fig. 8. Vertical displacement – Time Curve (for F=195kN). 
Curves for the displacements in the other two degrees of freedom are given in figure 9. More cases were analysed; 
the results are given in table 2. The shape of the Force-Fire-Resistance-Critical Temperature graph is very similar to 
that of the previous case. 
    
Fig. 9. (a) Time - Horizontal displacement;   (b) Time – Rotation Curves (for F=195kN). 
5. Conclusions 
According to the European design codes, fire resistance of structures may be determined by simplified design 
methods which give conservative results, by advanced design methods in which engineering principles are applied in 
a realistic manner, or by methods based on test results. Several studies were done in the last years on modelling the 
joints in fire as in Liu et al. [6] or in Ramli-Sulong et al. [7]. Many times instead, a numerical analysis based on an 
advanced method may be necessary in order to determine the behaviour and the fire resistance of the structure. The 
advanced models need to take into consideration the fact that at high temperatures, the material changes its properties, 
and they also need to take into account the geometry nonlinearity. Such an advanced model is VULCAN and with its 
help the substructure beam-to-column connection was analysed. 
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Table 2 Results of second analysis. 
No. Value of applied force: 
[kN] 
Fire resistance  
[min] 
Temperature 
 [°C] 
1 60 30,5 670 
2 70 30,5 670 
3 80 28,6 629 
4 90 27,6 608 
5 100 26,7 590 
6 110 26 574 
7 120 25,2 558 
8 130 24,5 542 
9 140 23,1 513 
10 150 22,2 494 
11 160 21,2 473 
12 170 20,3 454 
10 180 19,6 438 
11 190 18,7 420 
12 195 18,2 408 
From the resulted data it yields that for such a type of connection which is very robust under the normal loading, 
the fire resistance is low – under 30 minutes which is not satisfying for a steel structure made up of elements of the 
studied type. The need for fire protection for the connection is obvious. 
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